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The complete nucleotide sequence of the xylanase (EC 3.2.1.8) gene (xywl) and its flanking regions of 
Bacillus pumilus IPO, a hyperproducer of xylanase, was determined. A 684 bp open reading frame for 
xylanase gene was observed. The amino acid sequence of the N-terminal region of xylanase was determined 
to be Arg-Thr-Be-Thr-, suggesting the processing at Ala” of pre-xylanase. The amino acid composition 
and i%4, (22384) of xylanase deduced from DNA sequence agreed with the results obtained with the purified 
enzyme. The signal sequence consisted of 27 amino acids, of which 3 were basic amino acid residues in 
the region near the N-terminus and 15 were hydrophobic amino acid residues. The ribosome binding 
sequence complementary to the 3’-end of 16 S rRNA of B. subtilis was found7 bp upstream of the 
initiation codon, ATG. 
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1. INTRODUCTION 
Xylanase is a potentially important enzyme for 
the utilization of agricultural wastes, and its secre- 
tion provides a suitable example for the study of 
the secretion mechanism of bacterial enzymes. 
Though the genus Bacillus produces a variety of 
extracellular enzymes, the secretion signals of too 
few enzymes have been analyzed to identify the 
consensus signal peptide sequence. 
miss-recognition by E. coli of the signal useful for 
the genus Bacillus. Here, we describe the complete 
sequence of the xynA gene including the ribosome 
binding site, secretion signal and structural 
regions. 
2. MATERIALS AND METHODS 
2.1. Bacterial strains and plasmids 
In [9,10] we reported the cloning of the xylan 
degradation genes, the xylanase (EC 3.2.1.8, 1,4-p- 
D-xylan xylanohydrolase) gene (xynA) and the ,8- 
kylosidase (EC 3.2.1.37, 1,4-P-D-xylan xylohy- 
drolase) gene (xynB), of B. pumilus IPO in E. coli. 
Though xylanase is an extracellular enzyme in B. 
pumilus IPO, it was not secreted from E. coli cells 
harboring a hybrid plasmid encoding the xynA 
gene but was accumulated in the cytoplasm. This 
failure of secretion was thought to be caused either 
by partial deletion of the secretion signal or by the 
B. pumilus IPO, a hyper-producer of xylanase, 
and E. cpli C600 (leu-6, thr-1, thi-I, lacYI, 
supE44, tonA21, hsdR, hsdM) were described in 
[9]. Plasmids pOXN29, consisting of pBR322 and 
a 14.4 kilo base pair (kbp) B. pumilus DNA frag- 
ment coding the xylanase gene (xynA) and the ,& 
xylosidase gene (xynB), and pOXN391R, con- 
structed by inserting the 6.0 kbp BgfII fragment of 
pOXN29 containing xynA at the BamHI site of 
pBR322, have been described [9]. 
2.2. DNA sequencing 
* To whom correspondence should be addressed 
Single end labeled DNA fragments were isolated 
and sequenced by the chemical modification 
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methods in [3]. Degradation products were re- 
solved on 20 or 8% polyacrylamide sequencing el. 
2.3. N-terminal amino acids sequencing of 
B. pumilus xylanase 
Purified B. pumilus xylanase was sequentially 
degraded as in [l]. PTH-amino acids were iden- 
tified with an HPLC system (PNlOl, Yanaco Co., 
Kyoto, Zorbox CN analytical column, Du Pont 
Co., DE). 
3. RESULTS 
3.1. Sequencing strategy 
The structure of the plasmid pOXN391R is 
shown in fig. 1, in which the location of xynA gene 
was restricted between the EcoRI site at 2.1 kbp 
and the Hind111 site at 3.2 kbp on the map as in 
[9]. A deletion plasmid pOXN392R, in which the 
3.2 kbp Hind111 fragment (3.2-6.4 kbp region on 
the map) was deleted from pOXN391R, was con- 
structed by partial digestion with Hind111 and 
religation. E. cofi transformants harboring 
pOXN392R were Ap’, TcS and xylanase-positive. 
The nucleotide sequence from the EcoRI site at 
2.1 kbp to the Hind111 site at 3.2 kbp was deter- 
pOXN391R 
Fig.1. Structure of plasmids pOXN391R and 
pOXN392R, and strategy of nucleotide sequencing. 
pOXN391R is a hybrid plasmid consisting of the 6 kbp 
BgfII fragment of B. pumilus DNA (open bar) and 
pBR322 (dotted bar). The maximum range of the 
location of the xynA gene and the direction of 
transcription determined in [9] are shown by the open 
arrow. pOXN392R deleted the 3.2 kbp Hind111 
fragment shown by a broken line from pOXN391R. Fine 
mapping of the regions containing the xynA gene and 
sequencing strategy are enlarged. 
mined by the strategy outlined in fig.1. The 
nucleotide sequence for the coding region of 
xylanase has been determined from both strands. 
3.2. Nucleotide sequence of xynA 
The nucleotide sequence of 1070 bp covering the 
entire xynA gene and its flanking regions is shown 
in fig.%. The sequence is consistent with the ob- 
served restriction fragments. Of three reading 
frames found, one was a 684 bp open reading 
frame beginning at 61 bp. The amino acid se- 
quence of the N-terminal region of B. pumilus 
xylanase which is excreted in the culture medium, 
was determined to be Arg-Thr-Ile-Thr- by sequen- 
tial Edman degradation followed by identification 
of the PTH-amino acids (not shown). This finding 
suggests that the signal peptide consisting of 27 
amino acid residues is processed between Ala” and 
Arg28. The processed xylanase was deduced to con- 
sist of 201 amino acid residues, corresponding to 
an A4, of 22384, which agrees with the M, of 
purified xylanase of B. pumilus estimated by the 
methods of equilibrium ultracentrifugation 
(20000) and SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE) (24000) [B]. The 
number of residues of each amino acid contained 
in the xylanase molecule estimated from the 
nucleotide sequence agreed with our previous 
analysis of the amino acid composition of the en- 
zyme, except for tryptophan which might be 
overestimated [8]. The ribosome binding sequence 
complementary to the 3 ‘-end of 16 S rRNA of B. 
subtilis, 3 ’ -UCUUUCCUCCACUAG-5 ’ [4], was 
observed 7 bp upstream of the initiation codon, 
ATG. 
3.3. Signal sequence 
The amino acid sequence of the signal peptide of 
pre-xylanase was deduced from the DNA se- 
quence. It consists of 27 amino acids, of which 3 
are basic amino acid residues, Arg and Lys, con- 
centrated in the region near the N-terminus, and 15 
are hydrophobic amino acid residues, Leu, Phe, 
Val, Ile, and Ala. 
3.4. Codon usage 
Codon utilization for pre-xylanase is presented 
in table 1. There appears to be a bias for codon 
selection, for example, UUU for Phe, GAU for 
Asp, GAA for Glu, CCA for Pro, and AGA and 
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LO 40 60 75 90 
GAATTCATTT CATCTTAGAG ATGACAGAAJ_J@fiAGGATG AAAAAGGAGA GaATGACGA ATG AAT TTG AGA AAA TTA AGA CTG TTG TTT GTG ATG ________- 
MET ASN LEU ARG LYS LEU ARG LEU LEU PHE VAL MET 
105 120 135 I 150 165 180 
TGT ATT GGA CTG ACG CTT ATA CTG ACG GCT GTA CCA GCC CAT GCG AGA ACC ATT ACG AAT AAT GAA ATG GGT AAC CAT AGC GGG TAL 
CYS ILE GLY LEU THR LEU ILE LEU THR ALA VAL PRO ALA HIS ALA At-g Thr Ile Thr Asn Asn Glu Met Gly Asn His Ser Gly Tyr 
195 210 225 240 255 270 
GAT TAT GAA TTA TGG AAG GAT TAT GGA AAC ACC TCG ATG ACA CTC AAT AAC GGC GGG GCA TTT AGT GCA GGC TGG AAC AAT ATC GGA 
Asp Tyr Glu Leu Trp Lys Asp Tyr Gly Asn Thr Ser Met Thr Leu Asn Asn Gly Gly Ala Phe Ser Ala Gly TrD Asn Asn Ile Gly 
285 300 315 330 345 
AAT GCT TTA TTT AGA AAA GGG AAA AAG TTT GAT TCC ACT AGA ACT CAC CAT CAG CTT GGC AAC ATA TCC ATC AAT TAC AAC GCA AGT 
Asn Ala Leu Phe Arg Lys Gly Lys Lys Phe Asp Ser Thr Arg Thr His His Gln Leu Gly Asn Ile Ser Ile Asn Tyr Asn Ala Ser 
360 375 390 405 420 435 
TTT AAC CCA AGC GGG AAT TCC TAT CTA TGT GTC TAT GGC TGG ACA CAA TCT CCA TTA GCA GAA TAC TAC ATT GTT GAT TCA TGG GGC 
Phe Asn Pro Ser Gly Asn Ser Tyr Leu Cys Val Tyr Gly Trp Thr Gln Ser Pro Leu Ala Glu Tyr Tyr Ile Val Asp Ser Trp Gly 
450 465 480 495 510 S25 
ACA TAT CGT CCA ACA GGA GCG TAT AAA GGA TCA TTT TAT GCT GAT GGA GGC ACA TAT GAC ATT TAT GAA ACA ACC CGT GTC AAT CAG 
Thr Tyr Arg Pro Thr Gly Ala Tyr Lys Gly Ser Phe Tyr Ala Asp Gly Gly Thr Tyr Asp Ile Tyr Glu Thr Thr Arg Val Asn Gln 
540 555 570 5a5 600 615 
CCT TCC ATT ATC GGG ATC GCA ACC TTC AAG CAA TAT TGG AGT GTA CGT CAA ACG AAA CGT ACA AGC GGA ACG GTC TCC GTC AGC GCG 
Pro Ser Ile Ile Gly Ile Ala Thr Phe Lys Gln Tyr Trp Ser Val Arg Gln Thr Lys Arg Thr Ser Gly Thr Val Ser Val Ser Ala 
630 645 660 675 690 705 
CAT TTT AGA AAA TGG GAA AGC TTA GGG ATG CCA ATG GGG AAA ATG TAT GAA ACG GCA TTT ACT GTA GAA GGC TAC CAA AGC AGC GGA 
His Phe Arg Lys Trp Glu Ser Leu Gly Met Pro Met Gly Lys Met Tyr Glu Thr Ala Phe Thr Val Glu Gly Tyr Gln Ser Ser Gly 
720 735 760 780 a00 
AGT GCA AAT GTG ATG ACC AAT CAG CTG TTT ATT GGC AAC TAAAAA AGTCAAAG4A AAGAGCCGGG AGCAAAACTC CTGGCTTTTT CTATCATAAT T 
Ser Ala Asn Val Met Thr Asn Gln Leu Phe Ile Gly Asn 
a20 a40 860 880 900 
TTTCAACTT CGACTCTGCC GGGAAAGAAC GTTCCGGAAA AGAACGTCGC ACCGCCGCCC ATATCTGCCA AGCGATCAGG TGTGAGGCCA TTCACCAAAT GTTTTT 
920 940 960 980 1000 
TGCC TTTTTTGGTC TGCCCATAAT CCTGGCTGAC AACAACACCA GATAACACAT TTTGTCCGAC TGACACGATC AGCTCGCATT CTCCTCGATG ATTCAGCACA 
1020 1040 1060 
CGAACCATGT CCCCATCTTC AATCTGTCTT TCTTTTGCAT CTTGTTCATT CATATGAGGC 
Fig.2. The complete nucleotide sequence and amino acid sequence for xylanase. The 27 amino acid signal peptide is 
shown in capital letters. The position of processing of pre-xylanase is shown by the arrow. The ribosome binding 
sequence complementary with the consensus equence [4] is underlined, and the possible promoter sequences are shown 
by broken underlining (see text). 
CGU for Arg. There are 24 Gly, but GGU is used 
only once. 
4. DISCUSSION 
We have constructed a hybrid plasmid, pOXN29 
coding both the xylanase and ,d-xylosidase genes of 
B. pumilus IPO [9,10]. Here, the complete 
nucleotide sequence of the xylanase acne (xynA) 
and its flanking regions was determined. It was 
found that xynA consisted of 684 bp, including an 
81 bp stretch for the signal peptide at the 5’-end. 
These results are consistent with the amino ter- 
minal sequence and amino acid composition of 
xylanase synthesized in vivo. The ribosome bind- 
ing sequence was found 7 bp upstream of the 
translation initiation codon. Candidates for pro- 
moter sequences, the - 35 and - 10 regions, were 
found 48 bp upstream (TTTCAT) and 26 bp 
upstream (TTAAAA) of the initiation codon, 
ATG, respectively. However, they are different 
from the consensus sequences, TTGACA and 
TATAAT, of B. subtifis [5], and the possibility re- 
mains that the true promoter is located upstream 
of the 5 ‘-end determined here. 
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Table 1 
Codon usage of pre-xylanase 
Amino Codon No. of 
acid codons 
used 
Amino Codon No. of 
acid codons 
used 
Phe 
Leu 
Be 
Met 
Val 
Tyr 
His 
Gln 
Asn 
LYS 
ASP 
Glu 
uuu 9 
uuc 1 
UUA 5 
UUG 2 
cuu 2 
cut 1 
CUA 1 
CUG 4 
AUU 6 
AUC 4 
AUA 2 
AUG 8 
GUU 1 
GUC 4 
GUA 3 
GUG 2 
UAU 11 
UAC 5 
CAU 4 
CAC 1 
CAA 4 
CAG 3 
AAU 11 
AAC 8 
AAA 7 
AAG 3 
GAU 5 
GAC 1 
GAA 7 
GAG 0 
Ser 
Pro 
Thr 
Ala 
CYS 
Trp 
Aw 
Ser 
Arg 
Gly 
ucu 1 
ucc 5 
UCA 2 
UCG 1 
ecu 1 
ccc 0 
CCA 5 
CCG 0 
ACU 3 
ACC 5 
ACA 7 
ACG 6 
GCU 3 
GCC 1 
GCA 7 
GCG 3 
UGU 2 
UGC 0 
UGG 6 
CGU 4 
CGC 0 
CGA 0 
CGG 0 
AGU 4 
AGC 7 
AGA 6 
AGG 0 
GGU 1 
GGC 8 
GGA 8 
GGG 7 
Authors in [2] reported that the chloram- 
phenicol acetyltransferase gene of B. pumilus 
started translation by TTG instead of ATG. Such 
a novel initiation codon was also found in 
Staphylococcus aureus ,&lactamase [4]. In the 
nucleotide sequence determined here, no open 
reading frame started by TTG was found except 
those at 67 bp and 85 bp in the same frame of 
xynA. These codons and ATG at 94 bp might be 
excluded from the functional initiation codon, 
because of the long distance from the ribosome 
binding site or unusual N-terminal amino acid se- 
quence of the signal peptide. 
The signal sequence of pre-xylanase deduced 
from the DNA sequence, the presence of basic 
amino acids in the N-terminal region, the abun- 
dance of hydrophobic amino acids, and the pro- 
cessing at the carboxyl residue of Ala27 in pre- 
xylanase, are consistent with the features of 
secreted enzymes of Gram-positive bacteria, such 
as B. subtilis mu-amylase [ 111, B. amyloliquefaciens 
a-amylase [7], B. Iicheniformis penicillinase [6] 
and S. aureus P-lactamase [4]. Recently, we have 
subcloned the xynA gene and its flanking regions 
in B. subtifis using pUBll0 as cloning vector, and 
found xylanase to be excreted into the culture 
medium (unpublished). On the other hand, E. coli 
C600 cells harboring pOXN29 or pOXN391, in 
which B. pumilus DNA was ligated with pBR322 in 
reverse orientation to pOXN391R, accumulated 
xylanase in the cytoplasm [9]. The Mr of xylanase 
prepared from E. coli cells harboring pOXN391 
was identical to that of B. pumilus in SDS-PAGE 
(unpublished). These results suggest hat E. coli 
cells failed to transport the processed xylanase to 
the cytoplasmic membrane or periplasm. The 
detailed structure of the N-terminus of the 
xylanase located in the cytoplasm in E. coli 
(pOXN391) is under study. 
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